Introduction 51
Mercury (Hg) is a global pollutant that can be transported long distances in its gaseous were homogenized by stirring with a spatula in a N 2 -filled anoxic glove chamber, and analyzed 91 for basic geochemical characteristics (Table S1) a HACH DR 900 colorimeter, whereas total dissolved iron concentrations were determined using 126 the HACH FerroVer method 8008.
127
Procedures for determining total extractable Hg and MeHg in soils were similar to those 128 described previously (Bloom et al., 1997) . In brief, the soil slurry (1 mL) was transferred into a during extraction could be accurately determined. The whole mixture was shaken for one hour.
132
Half of the well-mixed sample slurry was used for total Hg analysis after oxidation with 5% (v/v) active layer soil pore waters (Table S2) , which is more than 10 times higher than those typically fold to 2.8 ± 0.2 ng g -1 (~ 5.1 % of total Hg) in the organic soil after 100 days, and >5-fold to 154 0.35 ± 0.02 ng g -1 (~ 0.7 % of total Hg) in the mineral soil after 60 days (Fig. 1) . On a dry weight 155 basis, organic soil produced nearly 10 times more MeHg than mineral soil (Fig. 1a,b) . Even at -2 156 ºC, net MeHg concentrations increased slowly but consistently, and accumulated a total of 100 157 and 90 pg g -1 in the organic and mineral layers, respectively (Fig. 1) . The estimated methylation 158 rate at -2 ºC was similar in both soils at about 0.2 pg g -1 dry soil day -1 . These results indicate that 159 warming can accelerate net MeHg production in Arctic soil.
160
However, contrasting temporal patterns of MeHg production and accumulation at 8 ºC
161
were observed between the two soil layers (Fig. 1) . In the organic layer, MeHg production 162 showed three distinct stages: (I) initial increase in net MeHg production at a rate of ~24 pg g increased methylation rates observed in Stages I and II in the organic layer (Fig. 1a) , as 
185
Correlations between Hg methylation and sulfate reduction were not considered because of the 186 low sulfate concentration observed in this soil (Table S1 ). Together, our results suggest that SOC 187 9 degradation provided the carbon and energy sources supporting these anaerobic pathways within 188 the Arctic soil.
189
To test whether MeHg production is correlated with type and availability of labile 190 organic substrates, we examined the consumption and/or production of water-extractable labile
191
SOC pools, including reducing sugars and ethanol, during the incubation. We found that these 192 organic substrates were 3-10 times more abundant in organic than in mineral soils (Fig. 3) , and
193
were rapidly degraded in both soils during the incubation. In particular, reducing sugars were 194 mostly consumed within 20 days in the mineral soil (Fig. 3b) , coinciding with a rapid increase in 195 net MeHg production (Fig. 1b) . Similarly, the increase in MeHg production from day 0 to day 60 196 in the organic soil (Fig. 1a ) appears to coincide with decreased levels of reducing sugar and 197 subsequent ethanol consumption (Fig. 3a) .
198
To further validate the above findings, we examined MeHg production following glucose 199 addition on day 145 at 8 ºC when Hg(II) methylation reached steady state ( Fig. 1 and Fig. S2 ).
200
As a labile organic substrate, glucose addition increased Hg(II) methylation by 20% and 30% in 201 the organic and mineral soils, respectively (Fig. 3) . The subsequent decline in glucose (Fig. 1) , and we attribute this to low microbial activity, not substrate 206 availability. In this case, temperature rather than the organic substrate is the major factor 207 affecting Hg methylation in the soil. Similarly, low temperature has been shown to limit Hg 208 methylation in marine sediments (King et al., 1999) .
209
During the later stage (III) of incubation at 8 ºC, MeHg production rate reached a plateau 210 in both soil layers (Fig. 1a,b) . This result could be partially explained by (1) limited availability 211 of labile organic substrates, as described above, (2) concurrent demethylation occurring in the 
216
Although this process was not assessed in this study, MeHg degradation is likely counter-
217
balancing MeHg biosynthesis, since the measured MeHg concentration reflects net production.
218
Freshly added Hg has been shown to be more bioavailable than preexisting Hg for (Fig. 4) , equivalent to ~ 4% and 2% of the added 201 Hg. Although both soils showed 227 increased methylation, the fractions of MeHg produced in them differed substantially. In the 228 organic layer, the newly produced MeHg appeared to derive equally from the preexisting and 229 added 201 Hg (Fig. 4a) , whereas the increased MeHg in the mineral layer derived essentially from 230 the freshly added 201 Hg (Fig. 4b) . These results indicate the presence of more bioavailable forms production, and between MeHg production and Fe(III) reduction, are observed in both soils (Fig.   252 2), consistent with recent studies showing high abundance of the Hg-methylation gene pair,
253
hgcAB, in thawing permafrost soils (Podar et al., 2015) . This underscores the potential for 
256
We show that freshly added Hg, mimicking atmospheric deposition of Hg in Arctic soil,
257
is more bioavailable and susceptible to microbial methylation than preexisting Hg in the soil.
258
The topmost organic layer appears to contain more bioavailable forms of Hg. In the summer, this 259
water-logged organic layer may be prone to Hg methylation and could potentially produce 10 260 times more MeHg than the mineral layer soil (Fig. 1) 
